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Acoustic Beamforming and Holography









• Near-Field Acoustical Holography (NAH)











Unknown sound source Measurement data
Reconstruction
• Limitation of NAH
• Generally a large number of measurements is required
• Expensive and hard to conduct experiment in industrial setting
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Sparse Equivalent Source Method (S-ESM)
• Monopole based Equivalent Source Method
➢ Sound pressure generated by a monopole with source strength q
𝑃𝑆0 Ԧ𝑋 𝑋0, 𝜔 = 𝑞 ∙ 𝑔0 Ԧ𝑋 𝑋0, 𝜔 = 𝑞
𝑒−𝑗𝑘 𝑋−𝑋0
4𝜋 Ԧ𝑋 − 𝑋0
,
Ԧ𝑋: Field point position 
𝑋0: Monopole position
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⋯ g𝑊( Ԧ𝜁1| Ԧ𝑋𝑊, 𝜔)
g𝑊( Ԧ𝜁2| Ԧ𝑋𝑊, 𝜔)
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Sparse Equivalent Source Method (S-ESM)
• Wideband Acoustical Holography





𝑟 Ԧ𝑞 ≡ 𝑃𝑚 − 𝐴Ԧ𝑞
2




Get the next 
solution candidate
Check the threshold 
condition
𝑞𝑘+1
= 𝑞𝑘 + 𝛼∆𝑞
If does not reach 
the threshold 
condition
• Error between reconstruction pressure and 
measurement pressure is less than e




Calculate the step ∆𝑞
to minimize the residual 
vector
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Sparse Equivalent Source Method (S-ESM)
• 𝑙1-Norm Minimization
➢ Objective function







parameter • Careful choosing the weighting 
parameter
• 𝑙1-norm for source strength and 
𝑙2-norm for residual
➢ 𝑙1-norm and 𝑙2-norm
𝑙1-norm: Ԧ𝑞 1 = σ𝑖=1
𝑚 𝑞𝑖












Sparse Equivalent Source Method (S-ESM)





Turn off the sources 
below threshold
Calculate the step ∆𝑞
to minimize the residual 
vector
Get the next source strength 
candidate
Check the threshold 
condition
1. Begin the search with 𝑙1-norm minimization and a relatively large λ: 
ghost sources created
2. Take solution of 𝑙1-norm minimization as initial solution for WBH: the 
ghost source can be eliminated by WBH
NOISE-CON 2019
Loudspeaker Experiment
➢ Sound field reconstruction
• Sound source: loudspeaker (Infinity Primus P163)
• Input signal: white noise (bandwidth 25.6 kHz) generated by 
PULSE software
• Intensity probe scan measurement at near and far-field
➢ Intensity probe
• Bruel and Kjaer type 3654 intensity probe
• Two microphone cross-spectral approach









o 𝑝 = H𝑟𝑝
T r









• -0.05 m < x < 0.22 m, -0.05 m < y < 0.4 m
• Measurement taken at 0.055 m from loudspeaker front face
• Measurement spacing: 0.03 m in x, and y-directions
• 160 near-field measurements in total
• Equivalent of a regular rectangular microphone array
➢ Data processing in PULSE
• 10 second measurement at each point
• Sampling frequency: 25.6 kHz




➢ Equivalent source (monopole) plane
• -0.05 m < x < 0.22 m, -0.05 m < y < 0.4 m
• 0.02 m behind the loudspeaker front face
• 0.01 m spacing in both x, and y-directions
• 1288 monopoles
➢ Reconstruction plane
• Reconstruction plane is 0.055 m from loudspeaker front face
• Reconstruction plane is also where the intensity measured
• -0.05 m < x < 0.22 m, -0.05 m < y < 0.4 m
• Measurement spacing: 0.03 m in x, and y-directions
• Reconstruction will be directly compared with measurement
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Sound Intensity Reconstruction at 800 Hz
Measurement

















L1-norm minimization 34.1 dB
Hybrid method 34.4 dB
WBH
-0.05    0.1    0.2   
x(m)





















































Sound Intensity Reconstruction at 2400 Hz
Measurement

















L1-norm minimization 46.5 dB
Hybrid method 46.1 dB
WBH
-0.05    0.1    0.2   
x(m)





















































Sound Intensity Reconstruction at 4000 Hz
Measurement

















L1-norm minimization 43.8 dB
Hybrid method 45.0 dB
WBH
-0.05    0.1    0.2   
x(m)























































• -0.05 m < x < 0.22 m, -0.05 m < y < 0.4 m
• Measurement taken at 0.055 m from loudspeaker front face
• Measurement spacing: 0.06 m in x, and y-directions
• 40 near-field measurements in total
• Equivalent of a regular rectangular microphone array
➢ Data processing in PULSE
• 10 second measurement at each point
• Sampling frequency: 25.6 kHz
• Hann window: 0.25 second 50% overlap
• 100 averages
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Sound Intensity Reconstruction at 800 Hz
Measurement

















L1-norm minimization 33.0 dB
Hybrid method 33.7 dB
WBH
-0.05    0.1    0.2   
x(m)





















































Sound Intensity Reconstruction at 2400 Hz
Measurement

















L1-norm minimization 43.8 dB
Hybrid method 44.7 dB
WBH
-0.05    0.1    0.2   
x(m)





















































Sound Intensity Reconstruction at 4000 Hz
Measurement

















L1-norm minimization 43.3 dB
Hybrid method 43.3 dB
WBH
-0.05    0.1    0.2   
x(m)























































• -0.05 m < x < 0.22 m, -0.05 m < y < 0.4 m
• Measurement taken at 0.055 m from loudspeaker front face
• Measurement spacing: 0.12 m in x, and y-directions
• 12 near-field measurements in total
• Equivalent of a regular rectangular microphone array
➢ Data processing in PULSE
• 10 second measurement at each point
• Sampling frequency: 25.6 kHz
• Hann window: 0.25 second 50% overlap
• 100 averages
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Sound Intensity Reconstruction at 800 Hz
Measurement

















L1-norm minimization 37.9 dB
Hybrid method 37.8 dB
WBH
-0.05    0.1    0.2   
x(m)





















































Sound Intensity Reconstruction at 2400 Hz
Measurement

















L1-norm minimization 45.1 dB
Hybrid method 45.6 dB
WBH
-0.05    0.1    0.2   
x(m)





















































Sound Intensity Reconstruction at 4000 Hz
Measurement

















L1-norm minimization 42.7 dB
Hybrid method 43.6 dB
WBH
-0.05    0.1    0.2   
x(m)



































































❑Wideband Acoustical Holography (WBH)
❑𝑙1-norm minimization
❑Hybrid method
➢ Sparse ESM algorithms are able to identify major sound sources with relatively small 
number of measurements without spatial aliasing.
➢ SONAH reconstructed most accurate sound field when the number of microphones is
large enough.
